The development of theoretical and technological principles for new high-quality abrasive polymeric materials involves the need to solve the following important and practically unstudied questions:
• assessment of the physicomechanical activity of abrasive dispersed fillers;
• selection of the type and amount of polymer binder which is determined by the designation and service conditions of the abrasive tool;
• study of the mechanism of interaction of the components;
• establishment of the relationship between the formulation of the composite on the one hand and the structure and properties of the abrasive tool on the other;
• study of the service properties of the materials developed.
As is known, the main shortcoming of abrasive materials is their brittleness, which is particularly marked in the manufacture of abrasive tools for the treatment of products of complex configuration [1] . The given problem is solved by using phenol-formaldehyde resins (PFRs) as the binder, noted for strength, elasticity, and sufficiently high resistance to thermal action and chemically active media.
Grinding wheels based on phenol-formaldehyde binder are less susceptible to impacts, jolts, and compression than wheels based on a ceramic binder. High strength of the wheel enables it to operate at high angular velocities, thereby ensuring better grinding indices. Organisation of the production of abrasive materials with PFR as the binder is fairly simple, which has led to a situation where the proportion of abrasives of this kind on the market now amounts to 40% and is continuing to increase.
In the present work, abrasive composite materials were produced by the traditional mixing method and by a new method developed in the Faculty of Chemical Technology of the Saratov State Technical University (SGTU) for polycondensation filling [3] [4] [5] [6] [7] [8] .
Known large-tonnage products were used as the polymer base: for the mixing method -aniline-phenolformaldehyde resin (APFR) of grade SF-342 A (GOST 18694-80); for the polycondensation method, upon which the alternative technology is based -phenol (GOST 23519-93), formalin (GOST 16251-89), and caustic soda as the catalyst (GOST 11078-78).
The surface quality of the article undergoing abrasive treatment depends in many ways on the choice of abrasive and its composition and structure, which in turn governs the hardness and cutting capacity of the abrasive tool. These requirements are satisfied to the greatest degree by the following industrial abrasives: green silicon carbide of grade M14 (GOST 3647-80) and white electrocorundum of grades MB16 and MB25 (GOST 24704-81). The characteristics of the given materials are given in Table 1 .
Green silicon carbide, recommended for fine grinding, is noted, by comparison with electrocorundum, for a greater grain cutting capacity, hardness, brittleness, and wear resistance. The coefficients of porosity and specific surface, as determined by the air permeability method (GOST 11573-65), indicate the greater fineness of the silicon carbide grains, which presupposes the possibility of forming a stronger adhesive contact in the highly filled system of composites ( Table 1) .
The bond strength of the polymer with the filler is determined primarily by the wettability of the binder of the dispersed additive and by the magnitude of adhesion of the matrix to the filler. The wettability depends primarily on the surface of the filler.
As is known, the measure of wetting is the wetting angle θ, defined as the angle between the solid surface and the tangent to the point of contact of the phases. From the wetting angle of the given powder by liquids with different surface tension (water, ethyl alcohol, acetone), the free energy of the surface of the fillers investigated was determined [2] .
As can be seen from Table 2 , the magnitudes of the free energy of the abrasive grains indicate the closeness of the surface properties of the mineral fillers (silicon carbide and electrocorundum) and amount to 21.8 x 10 -3 and 21 x 10 -3 N/m respectively.
It is well known that a phenol-formaldehyde oligomer (PFO) has a high reactivity owing to the presence of 17.5% hydroxyl groups and 10.5% methylol groups, and active centres lie on the surface of abrasive fillers. Therefore, the nature of interaction in the "abrasive filler-PFO" system was studied by different methods: infrared spectroscopy (IRS), thermogravimetric analysis (TGA), and determination of the strength characteristics.
IRS data were obtained on model specimens with a binder/filler ratio of 1:1 on a Specord-80 spectrophotometer by the suspension method.
To establish the interaction of a phenolic oligomer with abrasive fillers, the stretching vibrations of OH-methylol groups and OH groups of the phenolic ring in the spectrum of the cured PFO and abrasive composite were compared (Figures 1 and 2) .
The intensity of the bands and their selective presence on the spectra of abrasive materials are different (Figures 1  and 2 , curves 3) and depend on the nature of the filler.
For an abrasive material based on electrocorundum (Figure 1) , in the region of stretching vibrations of OH groups -3400 and 1230 cm -1 -displacement of the bands into the longwave region and a reduction in their intensity is observed, which is connected with the formation of intermolecular hydrogen bonds between the phenolic or aliphatic hydroxyl groups and active centres on the surface of the filler.
An analysis of the IR spectra of abrasive material based on silicon carbide (Figure 2) showed that a 1:1 PFO-silicon carbide composite in the region of high frequencies (1200-4000 cm -1 ) practically entirely repeats the contour of the spectrum of silicon carbide. The complete disappearance of the absorption bands characteristic of hydroxyl groups of PFO indicates the occurrence of interaction in the given system. Thus, data of IR spectroscopy indicate the different mechanism of interaction in PFO-abrasive filler systems. However, in both composites the process of addition of PFO to the surface of the filler occurs by means of hydroxyl groups ensuring adhesion of the matrix and filler with the formation of a solid composite.
To estimate the heat resistance of the abrasive material, use was made of thermogravimetric analysis (TGA) ( Table 3 ). The composite material obtained by the polycondensation method of filling is more heat resistant compared with the mixing method, which indicates the formation of a more heat-stable structure owing to uniform impregnation of the abrasive filler by binder and the formation of thin polymer interlayers oriented along the surface relief of the particles. Thus, for a polymer composite produced by the polycondensation method of filling, slowing down and reduction in the degradative processes of the polymer were noted: the weight losses are roughly 2-3 times lower than those of a mixing polymer composite.
One of the important technological aspects is the selection of the optimum content of the polymer base with account taken of the requirements concerning the processing and service properties of the abrasive polymeric materials. On the basis of experimental data it was established that the optimum content of polymer binder is 20-30 wt.% ( Table 4 ). This is due to the fact that, with a binder content of less than 20 wt.%, uniformity of its distribution on the surface of the abrasive filler is observed, and with a content of over 30 wt.% there is a deterioration in the cutting capacity of the material.
With a content of the polymer base of up to 30 wt.%, all the mechanical properties of the abrasive materials investigated are improved by ~20-30%.
It must be pointed out that, with an identical binder content, a polymer composite based on electrocorundum is characterised by water absorption that is 2-3 times lower than that of a polymer composite based on silicon carbide, which indicates the formation of a more solid and less defective structure of the material.
In heat resistance, the materials developed differ little, since this characteristic is determined by the heat resistance of the polymer base.
The materials developed are recommended for use as abrasive superfinishing tools in the production of rolling bearings.
The extremely important technical and economic effect from the application of the polycondensation method should be pointed out:
• reduction in the number of stages of the overall process in which the synthesis and preparation of phenol-formaldehyde oligomer, its drying, packaging, transportation, dissolution, etc., are excluded, making it possible to switch to a technology with few stages;
• intensification of the process of polymer composite production;
• reduction in the ecological intensity of production;
• sharp reduction in capital outlay and service costs [4] .
Thus, generalising the results of the investigations, it can be concluded that improvement in polymer composites by the synthesis of the polymer matrix on the surface provides scope for improving the physicomechanical characteristics of the material, and at the same time makes it possible to raise the level of profitability of the production of abrasive materials based on phenolformaldehyde binder. 
